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© Peptide boronlc acid derivatives having protease Inhibiting activity. 
© Boroiysine peptidomimetics of formula I 

0i 

* / 

V-Y-N-CH-B I 

II \ 
R 4 R 5 Q 2 

wherein W, Y, R*. R5, Q, and Q 2 are defined In claim 1 are potent thrombin inhibitors. 
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This invention relates to inhibitors of serine proteases such as thrombin, factor Xa, kailikrein and piasmin 
as welt as other serine proteases like prolyl endopeptidase and tg AI Protease. Thrombin, the last enzyme in 
the coagulation system, cleaves soluble fibrinogen to fibrin, which Is then crossiinked and forms an Insoluble 
gel forming the matrix for a thrombus. When a vessel is damaged, the above process Is necessary to stop bleed- 
ing. Under normal circumstances there is no measurable amount of thrombin present in plasma. Increase of 
the thrombin concentration can result In formation of clots, which can lead to thromboembolic disease, one of 
the most common serious medical problems of our time. 

Thrombin contributes to haemostatic control by means of several biological reactions. In addition to its prim- 
ary function, the conversion of fibrinogen to fibrin, thrombin activates Factor XIII, which is responsible for the 
crossiinking of fibrin. Thrombin also acts by means of a positive feed back mechanism involving the activation 
of Factors V and VIII, which both are necessary for its own formation from prothrombin. Thrombin has another 
essential role: its binding to platelets initiates platelet release and aggregation which is responsible for primary 
haemostasis. 

The reactions of thrombin are further controlled by natural inhibitors in plasma. The most important of these 
are antithrombin III and heparin. These two compounds have been isolated and are therapeutically and 
prophylactically used in conditions where there is an imbalance in the haemostatic mechanism with risk for prot- 
_ hrombin activation. £ 

Synthetic thrombin inhibitors, having oral activity, would be useful as alternatives to the parenteral admini- 
stration of these natural inhibitors. Much research in this area has resulted in the synthesis of good inhibitors 
of thrombin In yjfro, but as yet there Is no really good candidate for oral therapeutic use. By imitating amino 
acid sequences of fibrinogen, the important natural substrate of thrombin, several good short peptide substrates 
for thrombin have been produced. These peptide substrates have also been transformed into inhibitors of the 
enzyme. Thus, the chromogenic substrates D-Phe-Pro-Arg-pNA and D-Phe-Pip-Arg-PNA mimic the sequence 
preceding the bond split by thrombin. The corresponding reversible and irreversible inhibitors, D-Phe-Pro-Ara> 
nal and D-Phe-Pro-Arg-CH 2 CI show inhibition in vitro in the 1CH M range. 

Chloromethyiketones are generally too nonspecifically re-active to be Ideal for therapeutic use, and the 
peptide aldehyde exemplified above has quite a low LD W value. 

Factor Xa is the coagulation enzyme responsible for the generation of thrombin by limited proteolysis of 
its zymogen, prothrombin. On a weight for weight basis factor Xa is at least 10 times more thrombogenic in 
vivo than thrombin. This arises from the fact that factor Xa is one step above thrombin In the amplifying cascade 
system, so that one molecule of factor Xa can generate many molecules of thrombin from its precursor. Its pro- 
tency may also arise from the rather slow removal of factor Xa by the body. Thrombin, unlike factor Xa, is rapidly 
cleared from circulating blood onto high affinity sites on the vessel wall. The central position of factor Xa at the 
junction of the intrinsic and the extrinsic pathways should make it a suitable target for modulating the haemos- 
tatic mechanism. 

Kailikrein is formed from prekallikrein by the action of factor XII, when located on a negatively charged sur- 
face. Kailikrein in turn can cleave factor XII to factor Xlla, thereby forming a reciprocal activation system. Factor 
Xlla is the first enzyme of the intrinsic part of the coagulation system. The significance of the contact system 
is probably as a surface mediated defense mechanism, and a large scale activation of the system is normally 
' seen during shock or disseminated intravascular coagulation (DIC). The role of kailikrein at this stage is to 
cleave high molecular weight kininogen with the release of the vasodilator, bradykinin. Bradykinin also causes 
increased vascular permeability, pain and migration of the neutrophil leucocytes. Inhibitors of kinin formation 
have been shown to be beneficial In certain types of Inflammation, Including arthritis and pancreatitits, and may 
be useful also in the treatment of asthma. The only substance that has attained clinical significance as a kai- 
likrein inhibitor, is aprotinin (Trasylol). Aprotinln is a polypeptide of molecular weight 6.500, and forms a stable 
complex with proteases, having a binding constant of iCHMO-" M. 

Fibrinolysis is the process which causes an enzymatic dissolution of fibrinogen and fibrin clots. Plasma 
contains a protein, plasminogen, which under the influence of various activators is converted to piasmin, a pro- 
teolytic enzyme, the activity of which resembles that of trypsin. Piasmin breaks down fibrinogen and fibrin to 
fibrin/fibrinogen degradation products. 

Under normal conditions, the fibrinolysis system is in balance w&h the coagulation system! Small thrombi 
formed in the blood stream can be dissolved enzymatically and the circulation through the vessels can be res- 
tored by the activation of the fibrinolytic system in the body. If the fibrinolytic activity is too high, it may cause 
or prolong bleeding. The activity can be Inhibited by natural inhibitors in the blood. 

Prolyl endopeptidase cleaves peptide bonds on the carboxyl side of proline residues within a peptide chain. 
It is a serine protease which readily degrades a number of neuropeptides including substance P, neurotensin, 
thyrotropin-releasing hormone and luteinizing hormone^eleasing hormone and which has been associated with 
the ability of cell to produce Interleukin 2 (IL-2). The enzyme Is Inhibited by benzyloxycarbonyl-prolyl-prolinal 
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with a Ki of 14 nM. Despite the fact that almost nothing is known about the physiological role of prolyl endopep- 
tidase, it may play a prominent role In the regulation of the biological activities of various neuropeptides. 

The tg A protelnase-catalyzed cleavage of Ig A, the predominant form of antibody which comprises the first 
line of defense against infection, separates the Fc from the antigen-binding Fab regions of the molecule. Such 
5 cleavage would be expected to Impair or abolish its antimicrobial activity. All Ig A proteinases identified thus 
cleave after a proline residue within the hinge region of human Ig A. Peptide prolyt-boronic acids inhibit Ig A 1 
proteinases from Neisseria gonorrhoea and Hemophilus influenzae indicating these enzymes belong to the 
serine protease family of proteolytic enzymes. 

The multiple roles played by thrombin in a variety of physiological processes which have been associated 
10 with pathological disorders such as cancer, inflammation and neuronal activity, suggest a potential.use of 
thrombin inhibitors In several indications not strictly related to the cardiovascular system. 

Many tumor cells have been shown to elicit prpcoagulant activity associated with the generation of throm- 
bin. As a consequence, local fibrin deposition and coagulation occur which are thought to be Important for the 
growth of the tumor. Additionally, due to its effects on endothelial cells, thrombin may facilitate the extravasation 
15 of tumor cells during metastasis. Hence, thrombin inhibitors may prove beneficial not only in the treatment of 
certain cancers but also in reducing the hypercoagulabfljty frequently observed in patients during therapy with 
chemotherapeutic agents. 

Thrombin activation of endothelial cells Induces a number of pro-inflammatory changes such as synthesis 
and release of interieukin-1, prostaglandins and platelet-activating factor. Additionally, thrombin induces the 
20 exposure of GMP-140 and CD63, two adhesive molecules responsible for the adhesion of leukocytes to the 
endothelial surface. Thrombin also increases the vascular permeability to proteins, an action which involves 
neutrophils, and cleaves the interieukin-8-precursor protein, a peptide supposed to be involved in respiratory 
disorders, rheumatoid arthritis and ulcerative colitis. 

Its involvement in all these pro-inflammatory processes makes thrombin to a potential target for the 
25 therapeutic treatment with thrombin inhibitors of inflammation-related pathological disorders. 

The activity of the protease nexin-1 , a modulator of nerve growth and a specific natural thrombin antagonist, 
is markedly and specifically decreased in patients with Alzheimer's disease. This, together with the observation 
that thrombin-like activity was increased in the Alzheimer's brains, suggests that thrombin inhibitors may have 
potential for limiting or reversing neuronal pathological changes associated with thrombin hyperactivity. 
30 Boronic acids have been studied as inhibitors of various serine esterases and proteases. The first boronic 
acid-containing amino acid analog to be used as a protease inhibitor was the boronic acid analog of N-acetyt 
L-phenylalanine, which was used as an inhibitor of chymotrypsln and subblisin. Peptide boronic acids have 
been used as inhibitors of chymotrypsln, subtDisin, and elastases. 

The interaction of boronic acids with proteases In biological systems is known and various simple boronic 
35 acids have been shown to be sufficiently nontoxic for use In humans. Peptide boronic acid inhibitors of etastase 
have recently been used In animal trials in relation to emphysema. Unlike the peptide chloromethylketones, 
there was no toxicity reported at biologically effective dosage levels. 

European Patent Application 293 881 describes the preparation of peptides comprising C-terminal boronic 
acid derivatives of lysine, ornithine and arginlne, and their use as Inhibitors of trypsin-like serine proteases. 
U 40 The other amino acids In the peptides are all either the D- or the L- forms of the 20 naturany-occurring amino 

acids. 

It has now been found that compounds, having superior properties as Inhibitors of trypsin-like serine pro- 
V > teases, are obtained when the peptide contains at least one unnatural a-amlno acid having a hydrophobic side 

' • chain, 

rix 45 Accordingly, me present invention provides compounds of formula I 

* / 

V-Y-N-CH-B I 
I I \ 



wherein W = H or an N-protecting group; 

Y is a sequence of n amino acids selected such that the n+1 amino acid peptide Y-Lys or Y-Arg has an affinity 
for the active site of a trypsin-like protease, where n Is an Integer from 1 to 10 preferably 1 to 4, and In which 
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at least one amino acid is an unnatural amino acid having a hydrophobic side chain; 
Qt and Q 2 . which may be the same or different, are selected from -OH, -COR 1( -CONR 1 R 2 , -NR,R 2f and -OR3, 
or Q\ and Q 2 taken together form a dio) residue; R|, R 2 and R3, which may be the same or different, are C t . t o 
* alkyi, C^io aryl, Ce-10 aralkyt, or phenyl substituted by up to three groups selected from alkyi, halogen and 

* C t -4 alkoxy; 

R4 is hydrogen or Ci_ 10 alkyl Rs Is a group -A-X wherein A te 
-(CHj)^ In which z is 2.3.4 or 5; -CHtCHaHCHjJr; 
^rVCH(CH^CH r ; -(CHiyrCHfCHaK "(CHjlrCtCHaJr; 
•CHtCHaHCKWr; ^HrCHfCHaHCry r : -CrVCrVCH(CHa)-CH 2 ; 

10 (CHalrCHtCHa)-; KCHJrCtCHa)* CV 10 ary1. C*_ 10 aralkyl 

and X is -NH 2 , -NH-C(NH)-NH 2 . -S-C{NH)-NH 2 , -rJ* C t ^ alkoxy, afkylthio, or -SKCHJj or R4 and R* 
together form a trimethylene group and the asymmetric carbon atom marked * may have the D- or [.-configu- 
ration, or represent any mixture of these. 

is By an unnatural amino acid is meant any amino acid other than D- or L- Ala, Arg, Asp, Cys, Gtn, GIu, Gty, 
His, He, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, or Val. 

Preferably the N-protecting group W is of formula HtChtCJfeOJp- where p = 3-30; R«CO-; R 7 OCO- or ReSO r 
in which Re is C,^ alkyi; R 7 is C t _e alkyi, phenyl, benzyl or naphthyl; and Re is phenyl, naphthyt or C t ^ aikyt- 
phenyl; of which R7OCO- is preferred. The most preferred protecting groups are those of formula R/OCO- In 

M which R 7 ' is lert- butyl (designated Boc), and in which R 7 ' Is benzyl (designated Z). 

Preferably Rg Is R 5 ' where R 5 ' is -(CHJ^X', In which X' is -NH 2 , -NH-CfNHJ-NI-k, -N 3 or-Si(CH 3 )3, and 2? 
is 2.3 or 4. 

Preferred compounds are those of formula la 



25 



30 



35 



OR, 

* / 
V-Y-N-CH-B 

I I \ 

R4 R5 ORxo 



la 



wherein: W, Y, R* and R 5 are as defined above and R, and R 10 represent the residue of a dihydroxy compound. 

Useful examples are, 2,3-butanedioI; catechol; 2,3-dimethylbutandiol-2 t 3; cyclohexanediol; ethylene 
glycol; 1,2-hexanediol; 2,3-hexanediol; diethanolamine or aliphatic or aromatic compounds having hydroxy 
groups that are substituted on adjacent carbon atoms or on carbon atoms substituted by another carbon atoms. 

Particularly preferred are those compounds In which Q 1 and Q 2 taken together represent the group OPin 
of formula a) or the group of formula b) 



40 



45 




- 0, 



- 0 




50 



The amino acids constituting Y are a-amino acids which may be selected from the L-amlno acids naturally 
occurring in proteins, their corresponding enantiomeric D-amino adds or chemically modified alpha-amino 
acids such as glutamic acid gamma-piperidide 

(ciu rfy > 



55 



or pipecolic acid (Pip), provided that at least one amino add Is an unnatural amino add having a hydrophobic 
side chain. 

Preferred unnatural amino adds are of formula II 



4 
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- NH 



! 

CH - C - 



II 



in which R u is a hydrophobic group. Preferred hydrophobic groups consist of a methylene group linked to an 
optionally by a polar group substituted aromatic group or an alicydic group having at least two rings and no 
polar substituents, or to a tert butyl or trimethyjsflyf group. Preferably R tl is R t1 # where R 1t ' is a group of for- . 
mulae c), d), e), f). g). h) or 0 




-CH 2 -Si*(CH*3)3 




CH 2 



c) 



d) 



e) 



-CH 2 -C(CH 3 ) 3 





o 



BO 



CH 2 - 



0 C 6 H 5 

W 

C«H S 



CH 2 - 



f) 



g) 



h) 



i> 



The unnatural amino acids of formula II may be In D- or L- form or any mixture of these, but are preferably 
in D-form. 

More preferred compounds are thrombin inhibitors of formula I in which Y is a sequence of two amino acids, 
of which the N-terminal amino acid is the unnatural amino acid and the other amino acid is L-prollne (Pro), of 
formula 




These more preferred compounds have the formula I' 



Qi 

* / 

V - NH - CH(Rn) - CO - Pro - N - CHR 5 - B 

I \ 
R« Oa 



I' 
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In which W. R l1f Q 1( and Q 2 are as defined above. 
Particularly preferred compounds are those of formula I" 



5 * SO 

V - NH - CH(Rn) - CO - Pro - N - CHR 5 ' - B 

R 4 

10 in which W, and R n are as defined above. 

The most preferred compounds are the compotind of formula 111 

0 ^SiMe, 

. xAA 



0 




35 

and the compound of formula V 



40 



45 



50 
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III 



NH 

20 I I 

H 

the compound of formula IV 

25 

o 



A peptide Js considered to have an affinity forthe active site of trypsWlke proteases if the particular peptide 
has a value of 1 (H M or lower for the dissociation constant 

fb JJ« i "[JrSf ' " hlch X b • NH <W* may be prepared by reacting a compound of 

formula I In which X is -NH 2 with cyanamlde In an organic solvent under strong acid conditions. The compounds 
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10 



In which X is -NH 2 may In turn be produced by hydrogenation of a compound of formula I in which X is -N 3 . 
Hydrogenation may be carried out under standard conditions using for example a Pd/C catalyst 

The compounds of formula I In which X Is -N 3 may be produced by reaction of a compound of formula VI 

Or 

/ 

y-Y-NH-CH-B VI 

I \ 
R12 Qi 

in which W t Y, Qt and Q 2 are defined above and R 12 is -A-Br wherein A is definded above with sodium azlde 
in a polar aprotic solvent such as dimethyl sulphoxjde. Compounds of formula I in which X is an alkylthio group 
may be produced by the reaction of a compound of formula VI with a thiol in the presence of an organic base 
such as guanidine. 

1$ The intermediates of formula VI, as well as compounds of formula I in which X Is -Si(CH 3 ) 3 or an alkoxy 
group may be obtained by the reaction of a compound of formula VII . 

Qi 

/ 

20 CI - CH - B VII 

I \ 

Ri3 Q* 

in which Q, and Q 2 are defined above and R 13 is -A-Br, A-OaJkyt or -A-Si(CH 3 ) 3 wherein A is defined above 
25 with LiN[Si(CH 3 )3] 2 , followed by hydrolysis with 3 mole equivalents of acid and coupling with a protected peptide 
of formula VIII 



30 



35 



If - Y - 0 - N 



□ 

V 



VIII 



wherein W and Y are defined above 

The reaction is preferably carried out in a dry aprotic polar solvent, for example tetrahydrofurane, at a tem- 
perature between -78°C and room temperature. . 
40 The intermediates of formula VII may be obtained by the method of Matteson et al, Organometallics 3 1284- 
8(1984). 

The protected peptide of formula VIII may be prepared by methods which are conventional in peptide 
chemistry, starting from the desired unnatural amino acid. Such amino acids either are commercially available 
(for example the amino acid In which R H Is the group c) or may be prepared by methods analogous to those 

45 described in the literature, e.g. Angew. Chem. 93, 793 (1981) and J. Am. Cheni Soc. 109, 6881 (1987). 

The compounds of formula I are useful as inhibitors of trypsin-like proteases and may be used in vitro for 
diagnostic and mechanistic studies of these enzymes. Furthermore, because of their inhibitory action they are 
indicated for use In the prevention or treatment of diseases caused by an excess of an enzyme in a regulatory 
system, for example control of the coagulation of fibrinolysis system. 

so Those compounds of the Invention which are thrombin or factor Xa Inhibitors have antl-thrombogenlc 
properties and may be employed when an antl-thrombogenlc agent is needed. Generally, these compounds 
may be administered orally or parenterally to a host to obtain an antkhrombogenlc effect In the case of larger 
mammals such as humans, the compounds may be administered alone or in combination with pharmaceutical 
carriers or diluents at a dose of from 0.02 to 15 mg/Kg of body weight and preferably 1-10 mg/Kg to obtain the 

55 anti-thrombogenic effect, and may be given as single dose or in divided doses or as a sustained release for- 
mulation. When an extracorporeal blood loop is to be established for a patient, 0.1-1 mg/Kg may be adminis- 
tered intravenously. For use with whole blood from 1-10 mg per liter may be provided to prevent coagulation. 
Pharmaceutical diluents are well known and Include sugars, starches and water which may be used to make 
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tablets, capsules. Injectable solutions and the like. The compounds of the Invention may be added to blood for 
the purpose of preventing coagulation of the blood En blood collecting or distribution containers, tubing or 
implantable apparatus which comes In contact with blood. 

The advantages of the compounds of the invention include oral activity, rapid onset of activity and low 
toxicity. In addition, these compounds may have special utility in the treatment of individuals who are hyperse- 
nsitive to compounds such as heparin. 

In the following examples, the symbols have the following meanings: 



z 


« benzytoxycarbonyl 


Boc 


= t-butyloxycarbonyl 


AC 


= acetyl 


MeOH 


s methyl alcohol 


fctUAC 


= ethyl acetate 


DCC 


= dlcydohexyicarbodDmlde 


nuiMou 


— N-h ydroxy-s uccin im Id e 


Wr HI 


pinBnOulOl 


THP 


» (afro htMlmA ira n * 

— leuanyuruiuran » 


l rou 


— n-Diiiyi 


No 


= n-nitroDhenvl 


TLC 


= thin layer chromatography 


Bzl 


= benzyl 


Baa 


= -NH-CH-(CH 2 CH 2 CH 2 Br)B- 


TMSal 


= trimethylsilylalanine 


Adal 


= adamantylalanine 


. Naphal 


= 2-naphthyIalanine 


BoroOrn 


= -NH-CH^CH 2 CH 2 CH 2 NH2)B- 


BoroArg 


= -NH.CH-[CH 2 CH 2 CH 2 NHC(NH)NH2]B- 


Adgly 


= 1-adamantylglycine 


BoroPro- 


= analog of proline in which the -COOH 


OPin 


= group is replaced by B-Opin 


BoroLys 


= -NH-CH-tCHrCHrCHrCHrNHJB- 


BoroHArg 


= -NH-CH-tCHaCHaCHaCHaNHCfNHJNHJB- 


BoroMpg 


= -NH-CH-(CH 2 CH 2 CHrOCH3)B- 


p-OH-Me-Phal 


= p-hydroxymethyl-phenylalanine 



p-TBDPS-O-Me-Phal = p-tertbutyMiphenyl-snyl-oxy- methyl-phenylalanine 

The kinetic parameters K|, k^, and k^ are determined by the inhibition of the enzyme catalysed hydrolysis 
of a peptide-arg-pNA. This hydrolysis yelds p-nitroaniline, and its time-dependent release, quantified by the 
optical density measured at 405 nm, determines the rates of the inhibited and uninhibited reactions. 

Kinetic measurements are performed on a 9&-microwell plate in combination with a single-cell kinetic 
reader. Active-site titrated human thrombin is dissolved in 0.1 M phosphate buffer, pH 7.4, containing 0.1 M 
NaCI and 0.1% bovine serum albumin to a stock solution containing 400 nM active enzyme. For the 
chromogenic assay this solution is dissolved In the same buffer to 0.4 nM. The substrate, 2AcOH-H-D-cyc- 
lohexyl-ala-arg-pNA is dissolved in the. same buffer to 0.5 mM concentration. Inhibitors are first dissolved in 
cremophor/ethanol 1:1 and then diluted with dist water to 1 mM stock solution. Further dilutions are performed 
with the phosphate buffer described above. ' 

Assays are Initiated by adding 1 00 uJ enzyme solution to a mixture containing 1 00 ul inhibior and 50 ul sub- 
strate solution. The release of p-nitroaniline from the hydrolysis of the peptidyt p-nfroanOide substrates is fol- 
* lowed for 30 min to 1 h by measuring the increase in optical density at 405 nm. The collected data are used to 
calculate the kinetic parameters in the presence and In the absence of the inhibitor. Although other mechanisms 
of action are not excluded, the characterization of this class of thrombin inhibitors is restricted to the two major 
mechanisms observed, namely to fast, reversible and slow-, tight-binding competitive Inhibition. Kinetic con- 
stants of those inhibitors displaying fast, reversible binding mechanism, namely fast binding (initial rate v 0 of 
control > v 0 with Inhibitor) at l t » Ei (total inhibitor concentration/total enzyme concentration) are calculated by 
linear regression fitting from a 1 A/ vs. Inhibitor concentration PI plots. The K| value Is calculated from the hori- 
zontal Intercept K,, epp by equation (1) 

Km.pp = K,(1+S/Km) (1) ' 
If the rate of interaction with the enzyme Is slow (v 0 not affected by the Inhibitor) and tight (K| close to or lower 
than EJ so that the inhibited steady-state velocity Is only slowly achieved, the progess curce of pNA formation 
is described by 
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P s V.t + ^^II-oxpC-kotot)] (2) 

where P is the amount of pNA formed at time T, V 0 the Initial rate, V, the rate at steade-state, and kot» an appa- 
rent global reaction rate as a function of E* It, Ki, ^ and the observed second-order rate constant (k'oj for 
the Interaction between Inhibitor and enzyme. Data from slow, tight-binding inhibition measurements are fitted 
to equation (2) by a nonlinear regression analysis which yields estimates of 1^. Values for k^, and Ki, app 
are then obtained from a plot K*» vs [I]- The value for is given by the vertical Intercept, while the values of 
k'c and K| are calculated from the slope and horizontal Intercepts, respectively, using equation (1). 

Example 1 

I 

BooTMSal-Pro-NH-CHKCHJ aN JBOPin | 

A. Boc-D-TMSal-OH 

D-TMSal ethyl ester (21.5 g, 113.7 mMol), prepared according to the procedure given in Angew. Chem. 
93. 793 (1981), is dissolved in CH 2 CI 2 and a solution of an excess of BocjO in CH 2 CI 2 Is added. After 15 hr at 
room temperature, 500 ml of ice-cold 0.25N hydrochloric acid is added. The organic layer is washed with 5% 
NaHCOj and brine, then is dried over NajSC^ and concentrated in vacuo. 

The crude material (colourless oil) is used directly in the saponification step. It Is dissolved In methanol, 
cooled to 0°, mixed with 510 ml of 1N NaOH and stirred at 0° for 3 hr. After acidification to pH1 with 1N HCI, 
the mixture Is extracted several times with ether. The organic layers are combined, washed with brine, dried 
over Na2S0 4 and concentrated in vacuo. The product (29.7 g oil) is used in the next step without further puri- 
fication. 

B. Boc-D-TMSal-Pro-ONSu 

Boc-D-TMSal-OH (29.7 g, 1 13.7 mMol) and p-nitrophenol (1 9.0 g,136.3 mMot) are dissolved in EtOAc. After 
cooling to 0°, DCC (23.4 g, 1 13.6 mMol) is added and the mixture is stirred for 1 hr at 0° and then for 15 hr at 
room temperature. The precipitate is filtered off and washed with EtOAc and the filtrate is concentrated in vacuo . 
The resulting oil is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired Boc-D-TMSal-ONp 
as white crystals. 

Boc-D-TMSal-ONp (51 .6 g, 1 1 3.7 mMol) is dissolved in THF and an aqueous solution of equimolar amounts 
of proline and Et 3 N is added. After 20 hr at room temperature, the THF is removed in vacuo and the aqueous 
residue Is diluted with water and then extracted several times with EtOAc The pH of the aqueous layer is adjus- 
ted to 3 by adding 10% citric acid. The resulting oily product Is extracted several times with EtOAc. The com- 
bined organic layers are washed with brine , dried over Na2S0 4 and concentrated in vacuo. The colourless oD 
is recrystallized from ether/hexane to give the dipeptide Boc-D-TMSal-Pro-OH as a white crystalline compound 
mp: 176°C. 

The resulting dipeptide (26.0 g, 72.5 mMol) is dissolved in EtOAc. After cooling to 0°, HONSu (9.8 g, 85.5 
mMol) and DCC (14.9 g, 72.3 mMol) are added. The mixture Is stirred for 3 hr at 0° and then for an additional 
1 5 hour at room temperature. The mixture is re cooled to 0°, the dicyclohexylurea Is filtered off and washed sev- 
eral times with EtOAc. The filtrate is washed with aqueous 0.1 M Na 2 C0 3 and then with aqueous 2% KHSO4, 

After drying over Na^O* and concentration In vacuo, Boc-D-TMSal-Pro-ONSu is obtained as a white foam. 

C) Boc-D-TMSal-Pro-Baa-OPIn 

This procedure Is a one-pot 3-step procedure which comprises the in situ formation of a chiral <z-(bfs- 
trimethylsflyQamido boronate, the hydrolysis of the two trimethylsifyt groups and the coupling of the so formed 
a-amino boronate with the active ester (Boo-D-TMSal-Pro-ONSu) prepared En step B. The entire sequence of 
reactions is carried out under an argon atmosphere. The chiral a-chloro boronate ((+)-Pinanediol-(S)-1-ch!o- 
ro-4-bromo-butane-1-boronate) (1 .75 g, 5.0 mMol) is dissolved in 2.5 ml THF and Is added to a precooled (-78°) 
solution of lithium hexamethyldisilazane (5 ml of a 1.0 M solution in hexane, 5.0 mMol). After stirring for 30 
minutes at -78°, the solution is warmed up overnight to room temperature. After recooling to -78°, 3 md equi- 
valents of HCI in dioxane are added. The mixture is warmed up to room temperature and Is sticred for 2 hr at 
this temperature. After recooling to -20°, a solution of the active ester of step B {2J2B g, 5.0 mMol) in 6 ml CH 2 CI 2 
Is added, followed by the addition of 1.39 ml (10.0 mMol) of trlethylamfne. 
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The mixture Is stirred for 1 hr at -1 3°, warmed up to room temperature and stirred for 2 hr at this temperature. 
The mixture is filtered, the filtrate is concentrated in vacuo, the residue is diluted with ether and washed with 
2 N HCI, 5% NaHCO) and brine. The organic layer is dried over Na 2 S0 4 and concentrated in vacuo. The residue 
. crystallized on standing to give the desired chlral peptide boronate as a white crystalline compound. 

D) Boc-D-TMSai-Pro-NH-CH[(C^ 3 N JBOPin 

Boc-D-TMSaJ-Pro-Baa-OPin, the product of step C (804 mg, 1.2 mMoi) is dissolved in 13 ml of DMSO and 
sodium azide (156 mg. 2.4 mMoi) is added. The mixture is stirred for 3 hours at room temperature. Ether / ice 
water is added, and immediately white crystals are precipitated out of the mixture. The white precipitate is fil- 
tered off and washed with ether to give 0.6 g of tiWazide as a white crystalline compound. 

Example 2 

Boc-D-TMSal-Pro-BoroOnvOPin 

The azide of Example 1 (569 mg, 0.9 mMoi) is dissolved In 25 ml EtOAc and is hydrogenated in the pre- 
sence of 0.5 g of 10% Pd / C. After 2.5 hr, catalyst is removed and the solution is concentrated in vacuo to 
yield a white foam, which is recrystallized from EtOAc / ether to give the desired product as a white crystalline 
compound, m.p.: 200 - 202°, [ab» = - 1 1.6° (c = 0.5 in MeOH). 

Example 3 

Boc-D-TMSal-Pro-boroArg-OPin ( benzene sulfonate) 

Boc-D-TMSal-Pro-boroOm-OPin of Example 2 (250 mg. 0.412 mMoi) is dissolved in 2 ml ethanol. Benzene 
sulphonic acid (65.2 mg, 0.412 mMoi) is added. After stirring for 15 minutes at room temperature, cyanamide 
(86.6 mg, 2.06 mMoi) is added and the mixture is heated under reflux. The progress of the reaction is monitored 
by RP-TLC in which the disappearance of the ninhydrin spot for the amine starting material and the appearance 
of the Sakaguchi streak of the product is observed. After 7 days, amine can no longer be detected and the sol- 
ution is concentrated in vacuo. The residue is dissolved in MeOH and is chromatographed on a 5 x 55 cm col- 
umn of Sephadex LH-20 with MeOH. 

The desired product is obtained as a white foam, 
[a] 0 »> = - 45.3o (c = I in CH 2 Cy. 

Example 4 



Boc-D-TMSal-Pro-NH-CHtfCHJ aN JB-OPin 

A) (+>pinanediol-(S)-1-chIoro-5-bromo-pentane-1-boronate 

4-Bromo-1-butene (20.8 ml, 203.3. mMoi) is reacted with catecholborane (24,4 g, 203.3 mMoi) at 100°C 
over 16 hr. The crude product is distilled In vacuo to give 4-bromo-butane-1-boronate as a white crystalline 
compound. 

(+)-Pinanediol (27.7 g, 163 mMoi) is dissolved In THF and the above synthesized 4-bromo-butane-1-boronate 
(41.6 g, 163 mMoi) is added. After 1 hr at room temperature, the THF is removed In vacuo and the residue is 
purified by flash chromatrography (90:10 hexane/EtpAc) to give (+)-pInanedfoM-bromo-butane-1-boronate as 
a colourless oO. 

The desired (+^pinanedioKSH^Woro-5-bromo-pentane-1-boronate is prepared according to the pro- 
cedure given in Organometallics 3, 1284 (1984). Therefore methytenechloride (9.8 ml) In THF Is cooled to - 
100*C and n-butyflithium (71.6 ml 1.6 M solution, 114.5 mMoi) Is added over 20 min. After 15 min at -100"C, 
a cold (-78«C) solution of (+H>inanedioI-5-bromo.pentane-1-boronate (32,8 g, 104.1 mMoi) in THF Is added! 
After additional 1 hr at -100"C anhydrous ZnCI 2 (7.1 g, 52,0 mMoi) In THF Is added. After additional 15 min at 
-100°C the reaction mixture is warmed to room temperature and stirred for2 hrat this temperature. The solvent 
is removed In vacuo, the residue Is diluted with hexane/water and Is extracted several times with hexane. After 
drying over Na 2 S0 4 and removal of the solvent in vacuo, (+H)inanedioKS)-1^hloro-5-bromo-pentano-1- boro- 
nate is obtained as a yellow on which is used directly in the next step without further purification. 



10 



EP0 471 651 A2 

. B) Boc-D-TMSal-Pro-NH-CHKCH^BrJB-OPln 

A solution of LiN(SiMe 3 ) 2 (65.2 ml 1.0 M solution, 65.2 mMof) In THF Is cooled to -78°C. The a-chlcfo-boro- 
nate of step A) (23.7 g, 65.2 mMol) In THF is added. After stirring for 1hr at -78°C, the mixture is stirred for 15 
5 hr at room temperature. 

After this periode, the reaction mixture is recooled to -78°C, Ha (29.8 ml 6.56 N solution, 196 mMol) in 
dioxan is added, the solution is stirred for 45 min at -78°C and then for 2 hr at room temperature. The mixture 
Is cooled to -15°C, Boc-TMSal-Pro-ONSu (29.7 g, 65.2 mMol) of Example 1 In CH2CI2 is added before 
triethylamine (18.1 ml, 130.4 mMol) is added to start the coupling reaction. After stirring at -15°C for 1 hr, the 
10 mixture is stirred for 2 hr at room temperature. The mixture is filtered over Hyflo and is concentrated In .vacuo. 
The residue is diluted with ether/water and Is extracted several times with ether. After drying over HajS0 4 and 
concentration in vacuo the desired Boc-D-TMSaI-Rro-NH-CH((CH2) 4 Br)B-OPin is obtained after crystallization 
from ether/hexane as a white crystalline compound, mp: 74°C. 

15 C) Boc-D-TMSal-Pro-NH-CH((CH2) 4 N JB-OPin 

The product of step B) (33.3 g, 48.6 mMol) is dissolved in PMSO and sodium azide (6.3 g. 97.2 mMol) is 
added. The mixture Is stirred for 6 hr at room temperature. £ther/ice water is added, and the mixture is extracted 
several times with ether. After drying over IMa^C^ and concentration In vacuo the resulting oil is crystallized 
20 to give Boc-D-TMSal-Pro-NH-CH((CH2)4N3)B-Pin as a white crystalline compound, mp: 69-70°C; a D = -74.4° 
(c=1.0 in MeOH). 



Example 5 



25 Boc-D-TMSal-Pro-BoroLys-OPin 

The azide of Example 4 (22.0 g, 34.0 mMol) is dissolved in EtOAc and is hydrogenated in the presence of 
4.0 g of 10% pd/C. After 9 hr, the catalyst Is removed and the solution Is concentrated in vacuo. The resulting 
foam is dissolved in EtOAc and is crystallized to give the desired Boc-D-TMSal-Pro-BoroLys-OPin as white 
30 crystalls, mp_ 128-129°C; cto = -59.6° (c=1.0 in MeOH). 

Example 6 



Boc-P-TMSal-Pro-BoroHArg-OPin (benzene sulfonate) 

35 

The benzene sulfonate of Boc-D-TMSai-Pn>BoroLys-OPin of Example 5 (800 mg. 1 .03 mMol) Is dissolved 
in ethanol. Cynamide (21 0 mg, 5.0 mMol) is added and the mixture is heated under reflux. The progress of the 
reaction Is monitored by RP-TLC In which the disappearance of the ninhydrin spot for the amine starting material ^ 
and the appearance of the Sakaguchi streak of the product is observed. After 7 days, amine can no longer be 
40 detected and the solution is concentrated In vacuo. The residue Is dissolved In MeOH and Is chromatographed 
on a 5 x 55 cm column Sephadex LH-20 with MeOH. 

The desired product is obtained as a white foam, oq = -40.8° (c=0.5 In CH2CI2). 

Examples 7-29 

45 

By methods analogous to those in Examples 1-6, the compounds of formula 

Qi & 

/ ?; 

so V-NH-CH-CO-AA-N-CH-B 

I I I V 

R11 R« Rs' Q2 

in which fV # R,„ Q, + Q 2 and AA have the significances shown in the following table I can be obtained 
55 *• 
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TABLE I 



5 


Ex, 










AA 




C solvent 




7 


Boc c) 


H 


-(CH 2 ),-NH 2 


a) 


Pro 


-27,8° 


0,5 EtOH 




• 8 


Boc c) 


H 


-(CH 2 ) 3 NHC(NH)NH 2 


a) 


Pro 


-75,0° 


1,0 CHjClj 




9 


Boc e) 


H 


-(CH 2 )«Nj 


a) 


Pro 


-64,7° 


0,51 CB 2 C1 2 


10 


10 


Boc e) 


H 


-(CH 2 ) 2 SiMe* 
-(CH 2 ) 2 SiMet ' 


a) 


Pro 


-57,0° 


0,5 CH 2 C1 2 




11 


Boc d) 


H 


a) 


Pro 


-59,3° 


1,0 CH>Cli 




12 


Ac c) 


H 


-(CH 2 ) 3 NHC(NH)NH 2 


a) 


Pro 


-80,2° 


0,5 CH 2 C1 2 


15 


13 


Boc e) 


H 


-(CH 2 ) 3 NHC(NH)NH 2 


a) 


Pro 


-42,3° 


0,5 CH 2 C1 2 




14 


Boc c) 


H 


-(CH 2 ) 4 NHC(NH)NH 2 


a > 


Pro 


-18,8° 


0,5 EtOH 




15 


Boc e) 


H 


-(CH 2 ) 4 NHC(NH)NH 2 


a) * 


Pro 


-61,7° 


0,41 ce 2 ci 2 




16 


Boc e) 


H 


-(CH 2 ) 4 NH 2 


a) 


Pro 


-52,4° 


0,54 CH 2 C1 2 


20 


17 


Boc d) 


H 


-(CH 2 ) 3 NHC(NH)NH 2 


b) 


Pro 


-35,8° 


1,0 EtOAc 




18 


Boc e) 


H 


-(CH 2 ) 3 -NH 2 


a) 


Pro 


-10,6° 


0,5 CH 2 C1 2 




19 


Boc d) 


H 


-<CH 2 ) 3 NHC(NH)NH 2 


b) 


Gly 


+ 8,8° 


0,5 EtOAc 


25 


20 


Ac c) 


H 


-(CH 2 ) 3 -NH 2 


a) 


Pro 


-78,6° 


0,75 CH 2 C1 2 




21 


Boc e) 


H 


-(CH 2 ) 3 -NH 2 


b) 


Gly 


-4,4° 


0,5 CH 2 C1 2 




22 


Boc f) 


H 




a) 


Pro 


-76,0° 


0.5 CH-.C1-, 




23 


Boc f ) 


H 


-(CH 2 ) 3 -NH 2 


a) 


Pro 


-25,4 b 


0,5 CH 2 C1 2 


30 


24 


Boc f ) 


H 


-(CH 2 ) 3 NHC(NH)NH 2 


a) 


Pro 


-34,8° 


0,5 CH 2 C1 2 




25 


Boc d) 


H 


-(CH 2 ) 4 NHC(NH)NH 2 


a) 


Gly 


-14,7° 


1,0 MeOH 




26 


Boc d) 


H 


-(CH 2 ) 4 NH 2 


a) 


Gly 


-30,6 


0,5 EtOH 


35 


27 


Boc d) 


H 


-(CH 2 )«NH 2 


a) 


Asp 


-18,4° 


0,5 MeOH 




28 


H d) 


H 




a) 


Pro 


-53,6 


0,32 MeOH 




29 


Boc d) 


H 


-<CH 2 )«0C 2 H 5 


a) 


Pro 


-54,2 


0,5 HgOH 



40 Example 30 

Boc-D-TMSal-Pro-BoroMpQ-OPln 

A)(+)-PinanedtoKS)-1^oro-^fnelhoxy-bulane-1-boronate 

45 

3-Methoxy-1-propene (6.0 g, 83.3 mMol) is reacted with catecholborane (10.0 g, 83.3 mMoO at 100°C over 
24 hr. The crude product Is distilled in vacuo to give 3-methoxy-propane-1-boronate as a colourless oD. 
(+)-PinanedIoI(10.6 g, 62.5 g mMol) is dissolved in THF and the above synthesized 3-methoxy-propane-1-boro- 
nate (12.0 g, 62.5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
is purified by flash chromatography (80:20 hexane/EtOAc) to give (+)-pInanedIof-3-methoxy-propane.1-boro- 
nate as a colourless oil. 

The desired (+hpinanedioKS^1-cWoro-4-methoxy-butane-1-boronate is prepared according to the pro- 
cedure given in OrganometaBics 3, 1284 (1984). Therefore methytenechloride (2.2 ml) in THF is cooled to - 
100«C and n-butyilithium (13.8 ml 1.6 M solution, 22.0 mMol) Is added over 20 min. After 15 min at-100-C, a 
solution of (+)-pinanediol-3-methoxy.propqne-1-boronate (5.04 g, 20 mMol) In THF Is added followed by 
anhydrous ZnCI 2 (1.42 g, 10.0 mMol). After additional 15 min at-100*C the reaction mixture Is warmed to room 
temperature and stirred for 2 hr at this temperature. The solvent is removed In vacuo, the residue Is diluted 
with ether and washed with water. The organic layer Is dried over Na 2 S0 4 and is concentrated to give an of! 
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- which is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired (+)-pinanedid-(S)-1-<*Ioro- 
4-methoxy-butan e- 1 -borona te as a colourless OS. 

B) Boc-O-TMSal-Pro-BoroMpg-OPin 

A solution of LiNfSiMeafc (5 ml 1.0 M solution f 5.0 mMol) in THF Is coded to -78°C. The a-chloro-boronate 
of step A) (1 .53 g, 5.0 mMol) in THF is added. After stirring for 1 hr at -78°C, the mixture is stored for 1 5 hr at 
room temperature. After this periode, the reaction mixture is receded to -78°C, HCI (2.7 mi 5.65 N sdution, 
1 5.0 mMol) in dioxan is added, the solution is stirred for 30 mln at -78°C and then for 2 hr at room temperature. 
The mixture Is cooled to -1 5°C, Boc-TMSai-Pro-ONSu (2.28 g 5.0 mMd) of Example 1 in C^Cfe is added before 
triethylamine (1.39 ml f 10.0 mMol) Is added to start the coupling reaction. After stirring at-15°C for 1 hr, the 
mixture is stirred for 2 hr at room temperature. The: mixture is filtered over Hyflo and is concentrated in vacuo. 
The residue is diluted with EtOAc and is washed with 0.2 N Ha, 5% NaHC0 3 and finally with brine. After removal 
of the solvent, an oil Is obtained which is purified by flash chromatography (EtOAc) to give Boc-D-TMSal-Pro- 
BoroMpg-OPin as a white foam, ct D « -48.8° (c=0.25 in CH 2 cy. 

Example 31 

Boc-D-(p-fTBDPS-0)methyi)Phal-Pro-BoroOm-OPin 

A) Boc-D-(p-((1 , 1 -dimethylethyl)diphenyI-snyl)oxy)methylphenyIaIanine 

In order to selectively reduce the azido group in the substrate, thiophenol (7.27 g, 66.0 mMd) is added to 
a suspension of SnCI 2 (3.12 g, 16.5 mMol) in CH 2 CI 2 . Triethylamine (6.8 ml, 49.5 mMol) is added and a yellow 
solution Is obtained. Boc-anhydride (4.8 g, 22.0 mMol) is added before (3 (2S), 4S-3-(2-azido-3-(p-((1 t 1-dime- 
myl)di-phenyl-silyl)oxy-memyl)^^ (%de>95; 6.8 g, 11.0 

mMol), prepared according to the procedure given in J. Am. Chem. Soc. 109 6881 (1987), is added as a solution 
in CH 2 Ci 2 . After stirring for 2.5 hr at room temperature, the mixture is diluted with EtOAc/2 N NaOH and filtered 
over Hyflo. The organic layer is washed with 2% aqueous NaHS0 4 , 5% aqueous NaHC0 3 and finally with brine. 
After drying over Na 2 S0 4 and concentration in vacuo the obtained yellow oil is purified by flash chromatography 
to give (3(2S),4S)-3-(2^((tert-butyloxy)^ oxy)-me- 
thyl)-phenyl-1-oxopropyl)-4-(phenyImethyl)-2-oxa2didinone as a white foam. This compound (2.0 g, 2.88 
mMol) is dissolved in THF/water an is hydrolyzed with in situ generated UOOH (5.76 mMol) at 0°C. After 1.75 
hr at 0°C, NaJSO z (1 .25 g. 9.9 mMol) In water is added. THF is removed in vacuo, the pH of the residue is adjus- 
ted to 1-2 and the mixture is extracted 3 times with EtOAc. The combined organic layers are washed with water, 
dried over Na 2 S0 4 and are concentrated in vacuo. After crystallization from hexane/ether the oxazolidinone is 
obtained as white crystalls. The filtrate is concentrated in vacuo to give the desired title compound as a white 
foam. 

B) Boc-D-(p-(((1 ,1-dimethyIemyI)dipheny^sflyl)oxy)-memyl)-phenylaianIne^ro^NSu 

DCC (0.59 g, 2.88 mMol) is added to a mixture of the title compound of step A) (1.6 g, 2.88 mMol) and 
p-nitrophenol (0.43 g, 3.12 mMol) In EtOAc at 0°C. The reaction mixture is stirred for 16 hr at room temperature. 
After cooling to 0°C, the precipitate is filtered off and washed with edd EtOAc. The filtrate is concentrated in 
vacuo. The resulting oil (Boc-D-(p-TBDPS-0-Me)-Phal-ONp) is used in the next step without further purification. 
Boc-D-(p-TBDPS-0-Me)-PhaI-ONp (2.2 g f 2.88 mMol) Is dissolved In THF and an aqueous solution of L-proline 
(365 mg, 3.17 mMd) and EtJ4 (0.88 ml. 6.33 mMol) is added. After 15 hr at room temperature the THF is 
removed in vacuo. The pH is adjusted to 3 by adding 10% citric add. The resulting oOy product is extracted 
several times with EtOAc. The combined organic layers are washed with brine, dried over NajSO* and con- 
centrated in vacuo. The colourless oil is purified by flash chromatography (9:1 CH 2 Cl2/EtOH to eluate p-nitro- 
phenol, then 80:20 CHiClj/EtOH) to give Boc-[Hp-TBDPS-0-Me)-PhaI-Pro-OH as a white foam, 
This dipeptide (1.3 g, 2.06 mMol) is dissolved in EtOAc. After coding to 0°C, HONSu (220 mg. 2.47 mMol) and 
DCC (330 mg, 2.06 mMd) are added. The mixture is recooted to 0°C, the dicydohexyturea is filtered off and 
washed several times with cold EtOAc The filtrate is washed with aqueous 0.1 M Na 2 C0 3l 6% NaHS0 4 and 
then with brine. After drying over Na2S0 4 and concentration in vacuo the title compound Boc-Dt(p-TBDPS-0- 
Me)-PhaI-Pro-ONSu is obtained as a white foam. 
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C) Boc-D-{p-TBDPS-0-Me)-Phal-Pro-Baa-OPin 

The tiOe compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in Example 1/C. Therefore the intermediate a-amino-boronate, which 
results from the reaction of the chiral o-chloro-boronate «+^plranediol-{S>1-chlon>4-bromo-b U lane-1-boro- 
nate) (659 mg. 2.0 mMol) with UN(SIMe s ), (2.0 mMol) and hydrolysis with HCI. is reacted with the active ester 
of step B) (1.45 g. 2.0 mMol) in the presence of EtjN (4.0 mMol) to give the tide compound which Is purified by 
flash chromatography (1:1 hexane/EtQAc). 

• D) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-BoroOrn-OPin 

I 

The product of step C) (680 mg. 0.72 mMol) is dissolved In DMSO and sodium azide (94 mg 1 44 mMol) 
is added. The mixture is stirred for 4 hr at room temperature. Ether/ice water is added, and immediately white 
f «e Predpftated out of the mixture. The white precipitate b filtered off and washed with water to give 
Boc-IHp-TBDPPS-O-Me^Phal-Pro-NH-CHKCH^NJB^Pin as a white crystalline compound. . 
This azide (272 mg. 0.3 mMol) is dissolved in EtOAc and is hydrogenated in the presence of Undlar-CatalysL 
After 8 hr. the catalyst is removed and the solution is concentrated in vacua The crude product is purified bv 
flash chromatography (EtOAc then EtOH) to give the desired tide compound as a white foam cm = -32 4- 
(c=0.25 in MeOH). ' 

Example 32 

Boc-D-(p-OH-Me)-Phal-Pro-BoroOrn-OPln 

The bortHJrnithin of Example 31 (132 mg. 0.15 mMol) is dissolved in THF and is reacted with n-BtiiNF (0 3 
ml 1.1 M solution. 0.3 mMol). After 45 min at room temperature ice water is added and the resulting mixture 'is 
extracted several times with EtOAc. The combined organic layers are dried over Na 2 S0 4 and concentrated in 
vacuo. The resulting oil Is purified by a short chromatography (EtOAc then EtOH) to give the desired title com- 
pound as a white foam, oo = -34.0'C (c=0.1 In MeOH). 

Example 33 

Boc-D-TMS-al-Adgly-boroPro-OPin 
A. L-1-Adamantylglycine 

< 3(2 f>: 4SW2 -^ d ^ 2 ^ (% ««e > 95; 9 86 g 

2 4™ . I* pre . pared accord ing to the procedure given in J. Am. Chem. Soc. 109, 6881 (1987). is dissolved 
^ S. 3 mocture of THF/H^O <3:1). cooled to 0«^C. mixed with 4 equlv. of hyWen peroxide and 2.0^^ 
of UOH. The resulting mixture is stirred at 0-C until the substrate has been consumed (30 min.). and the 

NaHCO, (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazolidinone chiral 
auxiliary. The product carboxyiic acid is isolated by BOAc extraction of the acidified (pH 1-2) aqueous phase 
drying over N%S0 4 and concentration in vacuo. The desired (S^azldo-adamant-l-yl-acetic acid is isolated 

acid (5.29 g 22.5 Mmol) is dissolved in 110 ml of EtOH and 11.3 ml of 2 N HCI, and is hydrogenated in the 
EST* . ' rf 9 ° 1 °l Pd/C : T 2,5 K "+t 18 rem0V6d 8nd fte «**" b conceltedTn val to 
and is treated wfth 1,9 g of solid NaHCO,. The obtained amino acid is filtered off and washed several times 
It7c T^SSSH 1 VaCU °' L ' 1 - ada,nan ^ ne fa - « vvhite oystaHlne compoun^M^ 

B. Boc-D-TMSal-Adgly-QNSu 

Pm ,im^?'J MSal f " ON f. (7 'I 1 9 * 20,2 mM0l) 0f exam ^ 9 1 b dissolyed h THF ™» ™ soluUon of 

ZlvirZ" ?J- adama "^ine and EtjN is added. After 20 h at room temperature the THF b 

5^SE^^,^ h ^* 1Wrt * W NHa.andthenexS.ctedseveralOmes 
with EtOAc. The combined organic layers are washed with brine, dried overNa^O, and concentrated In vacuo. 
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. The oOy product is chromatographed on silica gel (CH2CI2) (0 give the dipeptkJe Boc-D-TMSaJ-Adgly-OH as an 
oil. Boc-D-TMSal-Adgly-OH (6,9 g, 15 t 2 mMol) Is dissolved in 80 ml of EtOAc. After cooling to 0°C, HONSu 
^ (2,1 g ( 18,0 mMol) and DCC (3,1 g, 15,2 mMol) are added. The mixture Is stirred for 3h at 0°C and then for an 

additional 15h at room temperature. The mixture Is recooled to 0°C, the dicydohexyturea Is filtered off and 
5 washed with EtOAc. The filtrate Is washed with aqueous 0,1 M NaHC0 3 and then with aqueous 2% KHS0 4 . 
After drying over Na2S0 4 and concentration In vacuo, Boc-D-TMSal-Adgty-ONSu (7,2 g) Is obtained as a white 
foam. 



C. Boc-^TMSal-Adgly-boroPro-OPin 

10 I 

The title compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in example 1/p. Due to the low reactivity of the sterically hindered active 
ester of step B (2,7 g, 5,0 mMol), the intermediate a-amlno boronate, which results from the reaction of the 
chiral a-chloro-boronate ((+)-Pinanedlol^S)-1-chloro^bromo-butane-1-boronate) (1,7 g, 5,0 mMol) with 

15 lithium hexamethyl-disflazane (5,0 mMol) and hydrolysis with HCI, cyclizes to the boroproline derivative, which 
reacts then with the active ester of step B to give the unexpected Boc-D-TMSa!-Adg!y-boroPro-OPin as the 
J major product Rash chromatography (2:1 hexane/EtOAc) of the crude product yields the title compound 

(0,48g) as a white foam, which is further purified by recrystallization from ether/hexane to give the desired pro- 
duct Boc-D-TM Sal-Ad gly-boroPro-O Pin as a white crystalline compound. 

20 mp:187-188°C,Ict]D 20 = +2.8 o (c=1,0InCH 2 a2). 



Claims 



25 1. A compound of formula I 

0i 

* / 

V-Y-N-CH-B (I) 

30 | | \ 

R 4 R 5 Q 2 



wherein: 

* " W is hydrogen or an N-protecting group 

35 Y is a sequence of n amino acids such that the n+1 amino acid peptide Y-Lys or Y-Arg has an affinity 

for the active site of a trypsin-like protease: where n Is an integer of from 1 to 1 0 and in which at least one 
:\ amino acid is an unnatural amino acid having a hydrophobic side chain; 

; ; < Q t and Q 2 are the same or different and are selected from -OH, -COR 1f -GONR 1 R 2i -NRiR 2 or-ORj 

or Q t and Q 2 taken together form a diol residue; 
, L v_-; 40 R t , R2 and R3 which may be the same or different, are C^oafkyl, Ce_io&ryl, Ce-10 aralkyl or phenyl 

]-J£ z substituted by up to three groups selected from C^alkyl, halogen and C^alkoxy; * f. 

:^|! R4 Is hydrogen or C^oalkyl r 

>f; Rs is a group -A-X; wherein 

^ A Is -(CHJr In which z Is 2,3,4 or 5; 

45 -CH(CH 3 HCH2)r; -CH r CH(CH 3 >-CH2; -(CH 2 )rCH(CH3)-; 

; >; -(CH2) r C(CH3) r ; -CHfCHaHCHJa-; -CH r CH(CH 3 HCH2)r; 

-CH r CH r CH(CH3KHr; (CH^a^ 

R4 and Rg together form a trimethylene group and the asymmetric carbon atom marked • may have 
50 the D- or L- configuration or represent any mixture of these. 

2. A compound according to claim 1 in which W b H(CH 2 CH 2 0) p -, RftCO-, R 7 OCO- or ReSQr. wherein: 
p = 3-30 
R«= Ci^atkyl 
55 R 7 = C^alkyl, phenyl, benzyl or naphthyi; and 
R5 = phenyl, naphthyi or C^alkylphenyt 
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3l A compound according to claim 1 or 2 which is of formula la 

* 0R» 
/ 

V-Y-N-CH-B 
I I \ 
R« R 5 0R lo 



la 



wherein: W ( Y,R( and are as defined in claims 1 or 2 and R» and R l0 represent the residue of a dihydroxy 
compound. ^ 

4. A compound according to claim 1 or 2 wherein Q| and Q 2 together represent a group of formula (a) or (b) 

-o -0 




b) 

5. A compound according to any one of claims 1 to 4 wherein the unnatural amino add is of formula II 

(ID 



NH - CH - C - 
n 



wherein R n is a hydrophobic group. 

6. A compound according to claim 5 wherein R 1f is R 1t ' and Is a croup of formula (c). (d), (e), (0, (g). (h) or 
0) 




c) 



-CH 2 -Si(CH 3 ) 3 



d) 
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-CH a -C(CH 3 )3 




I 



f) g) I h) i) 

7. A compound according to claim 1 wherein Y Is a sequence of two amino acids of which the N-termtnal 
amino acid Is the unnatural amino acid and the other amino add Is L-prolIne. 

8. A compound according to claim 1 which Is of formula til 




H 

9. A compound according to claim 1 which is of formula IV 




10. A compound according to claim 1 which Is of formula V 
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10 



IS 



20 



25 



30 




11 ' A n^f^n^IL 0 ' 8 C ° mp0Und ° f f?mn,la ' 88 denned 10 daIm 1 *** uprises: 
I) when X Is -NH^NHJ-NH* reacting compound of formula I in which X is -NH, with cyanamide 
li) when X is -NH 2 , hydrogenaHng a compound of formula I in which X is -N,; 
HO when X is -Nj, reacting a compound of formula VI 



/ 

V-Y-NH-CH-B 
I \ 
R12 Q 2 



(VI) 



in which W Y. Q, and Q 2 are defined in claim 1 and R 12 is -Mr. A being as defined in daim 1. with 
soaium azlae; 

iv) when X is -Si(CH,) 3 or O-alkyl. reacting a compound of formula VI 



35 



CI - CH - B 



(VII) 



*13 



Q 2 



t^ Q A defi ?, ed dalm 1 and ,S -^SfOW, or r>alkyl with L^CH^ followed 

by acid hydrolysis and coupling with a protected peptide of formula VIII JW2.i«iowea 



so 



S3 



V - Y - 0 - N 



V 



(VIII) 



wherein W and V are defined in claim 1. 
1Z Us °°facompoundofanyoneofdaim3lto^ 
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14. Use of a therapeutical composition according to claim 13 for Inhibition of trypsin like serine proteases. 

15. Use according to claims 12 and 14 characterised In that trypsln-like serine proteases are thrombin, factor 
X., kallflcrein, plasma, prolyl endopeptldase and Ig Al protease. 

1 6. Therapeutical composition having antl-thrombogenlc activity containing a compound of any one of claims 
1 to 1 0 together with pharmaceutically acceptable additives and/or diluents. 

17. Use of a compound of any one of claims 1 to 10 as Inhibitors of thrombin. 

18. Unnatural amino add of formula lla 1 

I 

Rii" 
I 

HjN - CH - C - OH 
n 

0 . 

wherein R lt " Is a group of formula (d), (e). (f), (g). (h) or (I) which are defined In claim 6. 



